Introduction
============

Non-small cell lung cancer (NSCLC) occupies 80% of all types of lung cancer,[@b1-ott-7-895] and many cancer patients die of cancer invasion or metastasis. Therefore, it is necessary to do further study on the molecule markers that play an important role in the invasion or metastasis in NSCLC.

Mature micro-ribonucleic acids (miRNAs) consist of 22 nucleotides, and as negative regulators of gene expression, mainly recognize the complementary sequences in the 3′ untranslated regions (UTRs) of their target messenger RNAs.[@b2-ott-7-895] Many studies have revealed that miRNA not only participates in biological processes such as cell cycle, aging, and death but also is a hallmark of several pathological conditions, including cancer, exerting a causal role, as oncogenes or tumor suppressors. For example, miR-544a levels are reduced in glioma[@b3-ott-7-895] and invasive ductal carcinoma.[@b4-ott-7-895] miR-544a can be seen as the molecular marker of glioma and tumor suppressor. miR-544a exerts its carcinogenic factor, promoting cell cycle and cell proliferation of stomach cancer, by reducing *IRX1*, one tumor suppressor gene.[@b5-ott-7-895] However, there has been little study on the role of miR-544a in NSCLC metastasis and invasion. Invasion and metastasis usually occur even after complete lung cancer resection; therefore, two different invasive lung cancer cell lines (95C and 95D) were used to explore the miR-544a levels, and predict the target gene and its potential downstream proteins. This study will provide insights into the role of miR-544a in lung cancer invasion and metastasis and the possible molecular mechanisms.

Materials and methods
=====================

Cell lines and reagents
-----------------------

The 95D and 95C cells were purchased from the American Type Culture Collection and cultured in Dulbecco's Modified Eagle's Medium with 10% fetal bovine serum (FBS). The 95D cells showed higher invasion, while the 95C cells showed lower invasion. Moloney murine leukemia virus reverse transcriptase (MMLV-RT) was purchased from Toyobo Corporation (Osaka, Japan).

miRNA array
-----------

10[@b6-ott-7-895]--10[@b7-ott-7-895] 95D or 95C cells in logarithmic phase, conventional cell culture, and total RNA were extracted with TRIzol^®^ (Life Technologies, Carlsbad, CA, USA). miRNA array was performed in Beijing Bo Ao Capitalbio Corporation with 40 μg total RNA. Bo Ao miRNA array included 469 probes. U6 and transfer RNA were used as inner control, and eight synthetic RNAs (20--30 nucleotides) were used as exogenous control. Hex was used as positive control, and 50% DMSO (dimethyl sulfoxide) as negative control (NC). Loess normalization was used to normalize the miRNA array data. Every RNA sample was performed in duplicate.

Bioinformatics analysis
-----------------------

The target gene was predicted by TargetScan (Whitehead Institute for Biomedical Research, Cambridge, MA, USA) software.

Luciferase assays
-----------------

LightSwitch™ (Promega, Fitchburg, WI, USA) luciferase assay reagents are from Promega Corporation (Fitchburg, WI, USA). miRNA NC and miR-544a mimic combine with E-cadherin (CDH1) 3′UTR or CDH1 mutated 3′ UTR and are transfected to 293T cells for 24 hours, respectively. Assay reagents were added to each well according to the manufacturer's instructions (Promega Corporation). Firefly luciferase (FLuc) and renilla luciferase (RLuc) were counted by a chemiluminescence meter (Promega Corporation). Luciferase expression was recorded as relative light units (RLuc/FLuc) to estimate whether *CDH1* is the target gene of miR-544a.

Quantitative polymerase chain reaction (PCR)
--------------------------------------------

Total RNA was extracted from 95C or 95D with TRIzol and reverted to complementary deoxyribonucleic acid (cDNA) by MMLV-RT. Quantitative PCR was performed using a PCR Detection System (Bio-Rad Laboratories, Hercules, CA, USA) with the use of SYBR^®^ Green I Premix Ex Taq™ (Takara Bio Inc, Shiga, Japan). Specific primers for miR-544a were designed by Rui Bo Company (Guangzhou, People's Republic of China). Reagents include 2× Mix SYBR Green I 10 μL, 10 pM primers 0.25 μL, cDNA 1 μL, and double-distilled H~2~O up to 20 μL. The reaction protocol included an initial step of 120 seconds at 95°C. Each PCR cycle involved denaturation (95°C, 30 seconds), annealing (60°C, 35 seconds), and extension (72°C, 20 seconds) for 40 cycles. Fluorescence was measured at each cycle. The relative fold change of miR-544a expression was quantified as 2^−ΔΔCt^, where ΔΔCt was Ct (target genes) -- Ct (housekeeping genes). We selected small nuclear RNA U6 as housekeeping gene. The nucleotide sequence of the upstream primer is TGGCACCCAGCACAATGAA; and the downstream primer, CTAAGTCATAGTCCGCCTAGAAGCA.

Transfection
------------

95C was transfected with miR-544a mimic and NC, respectively, while 95D was transfected with miR-544a inhibitor and NC, according to the manufacturer instructions for Lipofectamine 2000 (Life Technologies, Carlsbad, CA, USA): 1×10[@b5-ott-7-895] 95C or 95D, 50 μL 1× buffer, 2.5 μL miR-544a mimic, miR-544a inhibitor, or NC. After being transfected for 36 hours, the cells were applied to transwell migration assay and Western blot.

Transwell migration assay
-------------------------

Put Matrigel™ (BD Biosciences, San Jose, CA, USA) at 4°C overnight. Dilute Matrigel with serum-free Roswell Park Memorial Institute (RPMI)-1640 at a 1:9 dilution. Add 50μL diluted Matrigel to each transwell hole and put it at 37°C for 3\~4 hours.A total of 5×10[@b4-ott-7-895] transfected cells (95C transfected with miR-544a mimic and NC; 95D with miR-544a inhibitor and NC) suspended in 200 μL serum-free RPMI-1640 medium was placed into the upper chamber. Outside the upper chamber, 500 μL 10% FBS-RPMI-1640 medium was added. After 24 hours of incubation, cells were washed with PBS three times, and cells remaining on the upper membrane were carefully removed. Cells that had migrated through the membrane were fixed with methanol and stained with hematein for 5 minutes. Finally, the migrated cells were imaged and counted at 10× magnification using a Leica DC 300F microscope (Olympus Corporation, Tokyo, Japan).

Western blot
------------

95C-NC, 95C-miR-544a-mimic, 95D-miR-544a-inhibitor, and 95D-NC were lysed by 100 μL radioimmunoprecipitation assay buffer (RIPA; Sigma-Aldrich, St Louis, MO, USA). The protein concentration was detected by bicinchoninic acid (BCA) protein assay kit (HyClone-Pierce, Logan, UT, USA). Protein (20 μg) was loaded on 12% SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis) (120 V, 1.5 hours), transferred to PVDF (polyvinylidene difluoride) membrane and blotted by 5% skim milk powder for 2 hours. Membranes were probed with primary antibodies (1:10,000) of CDH1 (Abcam, Cambridge, MA, USA), vimentin (Santa Cruz Biotechnology, Inc., Dallas, TX, USA), α-tubulin (Santa Cruz Biotechnology, Inc.), and horseradish peroxidase (HRP)-conjugated secondary antibody (Santa Cruz Biotechnology, Inc.). Protein expression was quantitatively assessed using a HRP-ECL scanner (Lenovo, Beijing, People's Republic of China).

Statistical analysis
--------------------

Student-Newman-Keuls-q (SNK-q) is used to compare pairs of means of multiple data, and Student's *t*-test is used for the difference in only two means. One-way ANOVA (analysis of variance) with SNK-q test for multiple comparisons was used to analyze the data from the transwell migration assay and Western blot using SPSS 15.0 (SPSS Inc., Chicago, IL, USA) software. Student's *t*-test was used to analyze the results of quantitative PCR. Data are shown as mean ± standard deviation. Differences of *P*\<0.05 were considered statistically significant.

Results
=======

95C and 95D expressed different levels of miR-544a
--------------------------------------------------

In the miRNA array, we analyzed the miR-544a levels in 95C and 95D cells, and the results showed that the ratio of miR-544a levels in 95C and 95D was very low, indicating that the level of miR-544a in 95D was higher than that in 95C ([Figure 1](#f1-ott-7-895){ref-type="fig"}). To verify the results of the miRNA array, quantitative PCR was carried out, and the results showed that the relative level of miR-544a in 95D was almost threefold that in 95C cells ([Figure 2](#f2-ott-7-895){ref-type="fig"} and [Table 1](#t1-ott-7-895){ref-type="table"}). All of these results showed that there is a higher level of miR-544a in 95D than in 95C cells.

CDH1 is one of the target genes of miR-544a
-------------------------------------------

TargetScan was used to predict the target gene of miR-544a, and the results showed that miR-544a possibly combined with CDH1 ([Figure 3](#f3-ott-7-895){ref-type="fig"}). CDH1 is one of the cell adhesion molecules on cell membranes, maintaining cell integrity and exerting the ability of cell contact inhibition. To verify the interaction between *CDH1* and *miR544a*, luciferase assay was carried out. As shown in [Figure 4](#f4-ott-7-895){ref-type="fig"} and [Table 2](#t2-ott-7-895){ref-type="table"}, miR-544a mimic could combine with CDH1 3′UTR and inhibit the expression of the reporter gene (0.63±0.13). When CDH1 3′UTR mutated, miR-544a mimic could not combine with CDH1 mutated 3′UTR and the expression of the reporter gene (1.31±0.04) increased (*q*=10.12, *P*\<0.01). These results suggest that CDH1 is one of the target genes of miR-544a.

miR-544a enhances the migration of NSCLC cells
----------------------------------------------

To study the effect of miR-544a on cancer cell migration, a transwell migration assay was performed, and the results are shown in [Figure 5](#f5-ott-7-895){ref-type="fig"}. After transfection with miR-544a mimic, migrated cells numbered more than that of 95C-NC (*q*=18.67, *P*\<0.01). When cells were treated with 95D-miR-544a inhibitor, migrated cells numbered less than that of 95D-NC (*q*=18.67, *P*\<0.01) ([Table 3](#t3-ott-7-895){ref-type="table"}). These results suggest that miR-544a could enhance the migration of NSCLC cells.

miR-544a downregulates CDH1
---------------------------

To investigate whether miR-544a could affect the expression of CDH1, Western blot was performed. In cells treated with 95C-miR-544a mimic, the level of CDH1 decreased and that of vimentin increased compared with 95C-NC (*P*\<0.01). When treated with 95D-miR-544a inhibitor, the level of CDH1 increased while that of vimentin reduced significantly (q-value was 18.67 and 5.99, respectively; *P*\<0.01; [Figure 6](#f6-ott-7-895){ref-type="fig"}). The results suggested that miR-544a could downregulate CDH1 and upregulate vimentin in 95C cells.

Discussion
==========

miRNA participates in tumor invasion and metastasis,[@b6-ott-7-895] but its mechanism is not very clear. In this study, we focused on two cell lines of NSCLC (95C and 95D), whose invasive ability is completely different. In the miRNA array assay, the miR-544a level was higher in 95D cells, which possess higher invasive ability. To avoid false positive results of the miRNA array, quantitative PCR was carried out to verify these results. Quantitative PCR also confirmed that the relative level of miR-544a in 95D was higher. In the transwell migration assay, the migration ability of 95C transfected with miR-544a mimic was higher, but that of 95D transfected with miR-544a inhibitor was lower. TargetScan is one of the most common software products used to predict an miRNA target gene. TargetScan showed that CDH1 may be the target gene of miR-544a. Luciferase assay also revealed that miR-544a could combine with CDH1 3′UTR and inhibit the expression of the reporter gene. In our previous work, we found that glycogen synthase kinase 3β is another target of miR-544a and is regulated by 95D cells.[@b7-ott-7-895]

It is accepted that downregulation of CDH1 and upregulation of vimentin can promote the invasion of lung cancer. In the present study, we found that in 95C transfected with miR-544a mimic, CDH1 levels reduced and vimentin levels increased. But in 95D transfected with miR-544a inhibitor, CDH1 levels increased and vimentin levels reduced. Downregulation of CDH1 is considered as the mark of epithelial--mesenchymal transition (EMT), which plays an important role in the process of tumor metastasis.[@b8-ott-7-895] EMT makes tumor's acquire invasive and metastatic ability. We found that in the process of EMT, CDH1 levels reduced and vimentin levels increased, which is consistent with the findings of Thiery and Lim.[@b9-ott-7-895] However, further in vivo studies are needed to confirm the role of miR-544a in invasion and metastasis of NSCLC and its regulation on CDH1 and vimentin.

In conclusion, our current study provided novel evidence that higher expression of miR-544a significantly suppresses CDH1, resulting in the promoting of the invasion and metastasis of NSCLC in vitro. The regulation of miR-544a on CDH1 provides novel insight into the metastasis of NSCLC, especially with respect to invasion and metastasis in vitro, and also represents a new potential therapeutic target for the treatment of NSCLC.
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![The ratio of miRNA levels in 95C and 95D by miRNA array. The ratio of miR-544a levels in 95C to 95D is below 1.0.\
**Abbreviations:** miRNA, micro-ribonucleic acid; hsa, homo sapiens; 95C, low invasive ability lung cancer cell line; 95D, high invasive ability lung cancer cell line.](ott-7-895Fig1){#f1-ott-7-895}

![miR-544a levels in 95C and 95D by quantitative polymerase chain reaction. The relative level of miR-544a in 95D was almost three times that in 95C cells.\
**Note:** \**P*\<0.05.](ott-7-895Fig2){#f2-ott-7-895}

![miR-544a can combine with 3′UTR of CDH1.\
**Notes:** Green sequence: mutate sequence of *CDH1*. Red sequence: seed sequence of *miR544a*. Blue sequence: mutate sequence of *CDH1*.\
**Abbreviations:** UTR, untranslated region; CDH1, E-cadherin ; hsa, homo sapiens; mu, mutate.](ott-7-895Fig3){#f3-ott-7-895}

![Verification of miR-544a target gene (CDH1) by luciferase assay. RLuc/FLuc-ratio in cells with miR544a-mimic--CDH1 3′UTR (0.63±0.13) was lower than that of miR-544a mimic--CDH1 mutated 3′UTR (1.31±0.04, \*\**P*\<0.01). These results suggest that CDH1 is one of the target genes of miR-544a.\
**Abbreviations:** CDH1, E-cadherin; FLuc, firefly luciferase; RLuc, renilla luciferase; UTR, untranslated region; mut, mutant; WT, wild type.](ott-7-895Fig4){#f4-ott-7-895}

![The effect of miR-544a on 95C and 95D migration by transwell migration assay (×200). Migration cells in 95C-miR-544a mimic were higher than that in 95C-NC (32.00±1.00 versus 13.33±0.0058, \*\**P*\<0.01). Migration cells in 95D-miR-544a inhibitor were lower than that in 95D-NC (11.00±1.00 versus 24.67±0.58, \*\**P*\<0.01). These results indicate that miR-544a can promote cell migration.\
**Abbreviation:** NC, negative control.](ott-7-895Fig5){#f5-ott-7-895}

![CDH1 (E-cadherin) and vimentin regulation by miR-544a in Western blot. In 95C transfected with miR-544a mimic, the level of CDH1 (0.2019±0.0165) reduced and that of vimentin (0.5735±0.0092) increased compared with 95C-NC (\*\**P*\<0.01); while in 95D transfected with miR-544a inhibitor, the level of CDH1 (0.7694±0.0141) increased and that of vimentin (0.3200±0.0197) reduced significantly (\*\**P*\<0.01).\
**Abbreviation:** NC, negative control.](ott-7-895Fig6){#f6-ott-7-895}

###### 

miR-544a levels in 95C and 95D by quantitative polymerase chain reaction (n=9)

  Group   2^−ΔΔCt^ (mean ± SD)
  ------- ----------------------
  95C     1.00±0.00
  95D     2.95±0.26
  *t*     12.94
  *P*     \<0.05

**Abbreviations:** SD, standard deviation; Ct, cycle of threshold; ΔΔCt, Ct (miR-544a-small nuclear RNA U6); 95C, low invasive ability lung cancer cell line; 95D, high invasive ability lung cancer cell line.

###### 

Verification of miR-544a target gene (CDH1) by luciferase assay (mean ± SD; n=9)

  Group                                 RLuc/FLuc
  ------------------------------------- ----------------------------------------------------
  miR-544a mimic + CDH1 3′UTR           0.63±0.13[a](#tfn2-ott-7-895){ref-type="table-fn"}
  miR-544a mimic + CDH1 mutated 3′UTR   1.31±0.04
  miR-544a-NC + CDH1 3′UTR              1.24±0.04
  miR-544a-NC + CDH1 mutated 3′UTR      1.30±0.09

**Notes:**

Compared with miR-544a mimic + CDH1 mutated 3′UTR, q=10.12, *F*=47.60, *P*\<0.01.

**Abbreviations:** CDH1, E-cadherin; FLuc, firefly luciferase; RLuc, renilla luciferase; SD, standard deviation; UTR, untranslated region.

###### 

The effect of miR-544a on 95C and 95D migration by transwell migration assay

  Group                    Cells (mean ± SD) (n=9)
  ------------------------ -----------------------------------------------------
  95C-NC                   13.33±0.0058
  95C-miR-544a mimic       32.00±1.00[a](#tfn4-ott-7-895){ref-type="table-fn"}
  95D-NC                   24.67±0.58
  95D-miR-544a inhibitor   11.00±1.00[b](#tfn5-ott-7-895){ref-type="table-fn"}

**Notes:**

Compared with 95C-NC, q=18.67, *P*\<0.01

compared with 95D NC, q=13.67, *P*\<0.01, *F*=436.46.

**Abbreviations:** NC, negative control; SD, standard deviation.
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